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Abstract

Aims Prognosis for ST-segment elevation myocardial infarction (STEMI) is worse when heart failure is present on admission.
Understanding clinical practice in different health systems can identify areas for quality improvement initiatives to improve
outcomes. In the absence of international comparison studies, we aimed to compare treatments and in-hospital outcomes
of patients admitted with ST elevation myocardial infarction (STEMI) by heart failure status in two healthcare-wide cohorts.
Methods and results We used two nationwide databases to capture admissions with STEMI in the United Kingdom
(Myocardial ischemia National Audit Project, MINAP) and Japan (Japanese Registry of All Cardiac and Vascular
Diseases-Diagnostic Procedure Combination, JROAD-DPC) between 2012 and 2017. Participants were stratified using the HF
Killip classification into three groups; Killip 1: no congestive heart failure, Killip 2–3: congestive heart failure, Killip 4: cardiogenic
shock. We calculated crude rate and case mix standardized risk ratios (CSRR) for use of treatments and in-hospital death. Pa-
tients were younger in the United Kingdom (65.4 [13.6] vs. 69.1 [13.0] years) and more likely to have co-morbidities in the
United Kingdom except for diabetes and hypertension. Japan had a higher percentage of heart failure and cardiogenic shock
patients among STEMI during admission than that in the United Kingdom. Primary percutaneous coronary intervention (pPCI)
rates were lower in the United Kingdom compared with Japan, especially for patients presenting with Killip 2–3 class heart fail-
ure (pPCI use in patients with Killip 1, 2–3, 4: Japan, 86.2%, 81.7%, 78.7%; United Kingdom, 79.6%, 58.2% and 79.9%). In contrast,
beta-blocker use was consistently lower in Japan than in the United Kingdom (61.4% vs. 90.2%) across Killip classifications and
length of hospital stay longer (17.0 [9.7] vs. 5.0 [7.4] days). The crude rate of in-hospital mortality increased with increasing Killip
class group. Both the crude rate and CSRR was higher in the United Kingdom compared with Japan for Killip 2–3 (15.8% vs. 6.4%,
CSRR 1.80 95% CI 1.73–1.87, P < 0.001), and similar for Killip 4 (36.9% vs. 36.3%, CSRR 1.11 95% CI 1.08–1.13, P < 0.001).
Conclusions Important differences in the care and outcomes for STEMI with heart failure exist between the United Kingdom
and Japan. Specifically, in the United Kingdom, there was a lower rate of pPCI, and in Japan, fewer patients were prescribed
beta blockers and hospital length of stay was longer. This international comparison can inform targeted quality improvement
programmes to narrow the outcome gap between health systems.
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Introduction

Heart failure (HF) complicating acute myocardial infarction
(AMI) during hospitalization is a critical life-threatening
condition1,2,3 and influences treatment decisions.4,5

Uptake of evidence-based treatments for STEMI vary
between countries6 and may vary by heart failure status. An
international comparison of STEMI care by heart failure sta-
tus may enable benchmarking of care delivery, informative
learning and the development of quality improvement
initiatives.

Previous research for STEMI care and outcomes across
different health systems has not been stratified by heart
failure status,7 has been based on selected samples of
hospital patients reported in voluntary registries,6,7 or has
not attempted to standardize the mortality of patients in
one country by the casemix in another.6

The United Kingdom and Japan have nationwide
clinical database for admissions with myocardial
infarction, representing the public healthcare of the
National Health Service (NHS) in the United Kingdom
and the universal health insurance system in Japan.8,9 In
the absence of previous international comparisons, we
used healthcare-wide clinical cohorts from the
United Kingdom and Japan to compare the quality of
care provision and in-hospital outcomes for patients
with STEMI by heart failure presentation. Furthermore,
we assessed the contribution of clinical care to
in-hospital outcomes across the severity of heart failure
presentation.

Methods

Study design

We analysed nationwide data from two independent
healthcare systems in the United Kingdom (Myocardial is-
chemia National Audit Project, MINAP) and Japan (Japanese
Registry of All Cardiac and Vascular Diseases-Diagnostic Pro-
cedure Combination, JROAD-DPC). MINAP is a comprehen-
sive registry of admissions with acute coronary syndrome
at acute NHS hospitals in England and Wales and is
mandated by the UK Department of Health.8 JROAD-DPC
was created by combining the Japan Circulation Society
national survey of clinical activity at each Japanese institu-
tion and the Diagnosis Procedure Combination, which is a
mixed case-patient classification system launched by the
Ministry of Health, Labour and Welfare of Japan that
contains the information for each patient (i.e. patient de-
mographics and several disease-specific data). An attending
physician is responsible for clinical data entry for each
patient.9,10

Eligible patients

We included patients admitted with ST-segment elevation MI
(STEMI) between 1 April 2012 and 31 March 2017. In JROAD-
DPC, STEMI were identified using International Classification
of Diseases (ICD10) codes (I210, I211, I212, I213, I220, I221,
or I228).11 For MINAP and JROAD-DPC, the diagnosis was de-
termined by local clinicians. For both cohorts, patients aged
<30 years or those with missing data for Killip class were
excluded. Heart failure status during hospitalization was
defined as Killip 1: no congestive heart failure, Killip 2–3: con-
gestive heart failure, Killip 4: cardiogenic shock.

Casemix variables

We defined 11 casemix variables from data that could be
evaluated in both databases and have been used in other re-
search [age, sex, smoking history, diabetes mellitus (DM),
chronic kidney disease (CKD), chronic obstructive pulmonary
disease (COPD), history of ischaemic heart disease (IHD), his-
tory of cerebrovascular disease, peripheral vascular disease,
Killip class, and cardiac arrest]. See Table S1 for a comparison
of these variables by country.

Care

Hospital procedures and treatments included echocardiogra-
phy, primary percutaneous coronary intervention (pPCI), any
revascularization [coronary artery bypass graft (CABG)
surgery or percutaneous coronary intervention other
than pPCI], and medications [aspirin, P2Y12 inhibitors,
angiotensin-converting enzyme inhibitor/angiotensin recep-
tor blockers (ACE/ARB), beta-blockers, loop diuretics, miner-
alocorticoid receptor antagonists (MRA) and statins]. The
definitions of the variables are shown in Table S1. In
JROAD-DPC, we defined pPCI as a percutaneous coronary
intervention procedure performed on the day of or the day
following admission.12

Outcomes

The primary outcome was death from any cause during
hospitalization. We also calculated the length of hospital stay
and use of the guideline-recommended treatments (during
hospitalization, and only for survivors to hospital discharge).
Outcomes were compared between patients by Killip class
groups in the two countries. For each country, we quantified
the association between care and in-hospital mortality.
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Statistical methods

Statistical analysis was performed for each dataset sepa-
rately due to the respective data use policies. Continuous
variables are presented as the mean ± standard deviation
(SD) for normally distributed variables and as medians (inter-
quartile range, IQR) for non-normally distributed variables.
Categorical data are presented as frequencies and
percentages.

For casemix standardization, we modelled in-hospital
mortality for each procedure and medication in each Killip
group (Total, Killip 1, Killip 2–3, and Killip 4) for the two
countries with the 11 casemix variables. We then applied
the UK model to the Japanese participants to estimate the
casemix standardized risk ratio (CSRR) of observed
in-hospital mortality. We also created casemix adjusted
models using the UK model for each care (including proce-
dures and prescriptions), which we then applied to Japanese
subjects to estimate the CSRR of each care. The association
between hospital procedures and treatments and in-hospital
death was analysed using a multivariate logistic regression
model adjusted for casemix. For model construction, missing
casemix variables were imputed using multiple imputation
with chained equations (MICE) (Table S1). For the calcula-
tion of the CSRR of aspirin for survivors with Killip 4 catego-
ries, we did not apply MICE because it was not possible to
adapt the model. Statistical significance was set at < 0.05.
Analyses were performed using SAS (version 9.4; SAS Insti-
tute, Cary, NC, USA) and STATA 16 (StataCorp, College Sta-
tion, TX, USA).

Ethics statement

MINAP data were fully anonymized, and as such, ethical ap-
proval was not required under NHS research governance ar-
rangements as NICOR, which includes the MINAP database
(Ref: NIGB: ECC 1–06 (d)/2011), has support, under section
251 of the NHS Act 2006, to use patient information for med-
ical research without consent. JROAD-DPC data were ap-
proved by the institutional review board of the National Cere-
bral and Cardiovascular Center (No: R20103). This study was
conducted in compliance with the principles of the Declara-
tion of Helsinki and is reported according to the STROBE
guideline.

Results

Baseline characteristics

Overall, 326 577 patients with STEMI were admitted be-
tween 1 April 2012 and 31 March 2017, with 156 199 from

the United Kingdom and 170 458 from Japan. After exclu-
sions, the analytical cohort comprised 109 719 patients in
MINAP and 161 911 in JROAD-DPC (Figure S1). Patients
were younger in the United Kingdom [65.4. (13.6) vs. 69.1
(13.0) years] and more likely to have previous IHD, CKD
and COPD. In contrast, DM was more frequent in Japan
than in the United Kingdom (Table 1). Compared with
MINAP, a greater proportion of patients were classified as
Killip class 2 or greater in JROAD-DPC. Patients in the
United Kingdom with Killip classes 2–3, compared with
patients with Killip class 1 or 4, were older, more likely to
be women, and had a higher prevalence of comorbidities
in the United Kingdom (Table 1). The direction of
adjusted associations between each case mix and in
hospital mortality were mostly similar in the United
Kingdom and Japan (Figure S2).

Care

Compared with Japan, the use of pPCI in the United
Kingdom was lower (crude rate 76.7% vs. 83.5%, CSRR:
0.800, 95% CI 0.797–0.803). The magnitude of the difference
was greatest for patients with Killip classes 2–3 (crude rate
58.2% vs. 81.7%, CSRR 0.672, 95% CI 0.667–0.678) (Table 2
and Figure 1). The use of echocardiography during hospital-
ization was also lower in the United Kingdom in each Killip
class group (crude [%]: Killip 1: 75.9 [United Kingdom] vs.
92.6% [Japan]; Killip 2–3: 77.9 [United Kingdom] vs. 93.3%
[Japan]; and Killip 4: 72.1 [United Kingdom] vs. 85.1%
[Japan]) (Table 2). Of pharmacotherapies prescribed during
hospitalization, beta-blocker use for Killip 1 was lower in
Japan compared with in the United Kingdom (crude rate
92.5% vs. 61.8%, CSRR 1.489, 95% CI 1.480–1.497) (Table 2
and Figure 1). The prescription of MRA for Killip 2–3 was
also 1.12-fold lower in Japan than the United Kingdom,
reaching less than a quarter of eligible patients (Table 2
and Figure 1).

Among patients that survived to the time of hospital dis-
charge, antiplatelet (aspirin and P2Y12 inhibitor) prescription
rates were high and similar in the United Kingdom and Japan
(Table 2). For ACE/ARB, prescription rates were similar ac-
cording to Killip class group in both countries (Killip 1:
74.9% [United Kingdom] vs. 76.4% [Japan], CSRR 0.957, 95%
CI 0.951–0.962; Killip 2–3 73.2 [United Kingdom] vs. 75.4%
[Japan], 0.969, 95% CI 0.963–0.976; Killip 4: 75.5 [United
Kingdom] vs. 72.3% [Japan], 1.034 95% CI 1.019–1.048)
(Figure 2). For MRA, the prescription rates varied by Killip
class group and, in general, were infrequently used (Killip 1:
12.7% [United Kingdom] vs. 9.5% [Japan], CSRR 1.145, 95%
CI 1.111–1.179; Killip 2–3 31.7% [United Kingdom] vs. 23.8%
[Japan], 1.171, 95% CI 1.149–1.196; Killip 4: 22.7% [United
Kingdom] vs. 33.7% [Japan], CSRR 0.602, 95% CI 0.578–
0.626). The use of statins and beta-blockers was lower in
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Figure 1 Forrest plot of casemix standardized risk ratio for use of treatment in patient with STEMI according to heart failure status between the
MINAP and JROAD-DPC. STEMI, ST-elevation myocardial infarction; pPCI, primary percutaneous coronary intervention; UK, United Kingdom; ACE-I/
ARB, angiotensin angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist; CI, confidence
interval.
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Figure 2 Casemix standardized risk ratio for prescription in STEMI survivor due to heart failure status between the MINAP and JROAD-DPC. STEMI,
ST-elevation myocardial infarction; UK, United Kingdom; ACE-I/ARB, angiotensin angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker; MRA, mineralocorticoid receptor antagonist; CI, confidence interval.
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Japan than the United Kingdom (Table 2) and for beta-
blockers was particularly evident in all Killip class groups
(Killip 1: 93.9 [United Kingdom] vs. 63.5% [Japan], CSRR
1.470, 95% CI 1.461–1.478; Killip 2–3 91.5 [United Kingdom]
vs. 68.5% [Japan], CSRR 1.351, 95% CI 1.343–1.360; Killip 4:
89.6 [United Kingdom] vs. 70.3% [Japan], CSRR 1.291, 95%
CI 1.275–1.306) (Table 2 and Figure 3).

Length of hospital stay due to heart failure status

Overall, the length of hospital stay was longer in Japan than
in the United Kingdom (17.0 [9.7] vs. 5.0 [7.4] days), and this
was evident for each Killip class group (Killip 1: 14.6 [9.7] vs.
4.3 [6.2] days, Killip 2–3: 19.0 [15.1] vs. 8.3 [10.2] days, Killip
4: 20.9 [22.9] vs. 6.7 [10.6] days).

Crude and standardized mortality by heart failure
status

The in-hospital mortality rate was 7.4% in the United
Kingdom and 8.2% in Japan. The crude rates and standardized
risk of in-hospital mortality increased with increasing Killip
class group and was higher in the United Kingdom compared
with Japan for Killip 1 (3.4% vs. 1.7%, CSRR 2.14 95% CI 2.01–
2.28) and Killip 2–3 (15.8% vs. 6.4%, 1.80 95% CI 1.73–1.87),
and similar for Killip 4 (36.9% vs. 36.3%, 1.11 95% CI 1.08–
1.13) (Table 2 and Figure 3).

Association of care and in-hospital mortality

Most treatments were inversely associated with in-hospital
mortality across the Killip class groups, and the strength
and direction of casemix-adjusted associations were similar
in both the United Kingdom and Japan except for revascular-
ization (CABG and PCI other than pPCI) and the use of loop

diuretics. Revascularization (CABG and PCI other than pPCI)
was inversely associated with in-hospital mortality in Killip
2–3 in both countries but otherwise showed a varying rela-
tionship by country and Killip class group. The use of loop di-
uretics was associated with better outcomes in the United
Kingdom, but not in Japan (Figure 4).

Discussion

Using nationwide cohorts in the United Kingdom and Japan,
we compared the treatments and in-hospital outcomes of
271 630 patients admitted with STEMI according to Killip
class. We found that in-hospital mortality for STEMI when
associated with Killip class 2–3 heart failure was up to five-
fold higher than for patients with STEMI and no heart fail-
ure. Although in-hospital mortality was higher in the
United Kingdom than Japan in Killip class 2–3, the in-
hospital mortality rate for patients presenting with STEMI
and cardiogenic shock was close to 40% in both countries.
The use of pPCI was lower in the United Kingdom than
Japan, particularly in patients with Killip class 2–3. In Japan,
the length of hospital stay was more than three-fold longer
and there was more frequent use of echocardiography,
whereas beta-blockers were consistently used less fre-
quently irrespective of the heart failure presentation. In
the United Kingdom and Japan, most treatments were in-
versely associated with in-hospital mortality, suggesting that
the delivery of guideline-recommended care offers the op-
portunity to improve outcomes in this high-risk group of
patients.

Heart failure complicating acute myocardial infarction is
common and is associated with significant in-hospital mortal-
ity even in the era of pPCI.13 Moreover, among those who
survive the acute phase, more than a quarter of patients will
develop heart failure within 5 years.14 Although newer phar-
macotherapies or devices for heart failure may help reduce

Figure 3 Forrest plot of casemix standardized risk ratio for in-hospital mortality in patient with STEMI according to heart failure status between the
MINAP and JROAD-DPC. STEMI, ST-elevation myocardial infarction; UK, United Kingdom; CI, confidence interval.
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early mortality from STEMI complicated by heart failure,15 it
is necessary to understand the current provision of care to
this population and optimize outcomes. There is an absence
of comparative analyses across different healthcare systems
investigating management and outcomes of STEMI compli-

cated by heart failure, and this represents an important
missed opportunity to improve health systems and prevent
deaths.

Our study found that the STEMI case mix varied between
the United Kingdom and Japan. The prevalence of cardiovas-

Figure 4 Forest plot of casemix adjusted odds ratios from multivariate models for the association of hospital treatment with in-hospital mortality
according heart failure status among STEMI patients between the MINAP and JROAD-DPC. STEMI, ST-elevation myocardial infarction; pPCI, primary
percutaneous coronary intervention; UK, United Kingdom; ACE-I/ARB, angiotensin angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker; MRA, mineralocorticoid receptor antagonist; OR, odds ratio; CI, confidence interval.
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cular disease and comorbidities differs between Western and
Asian countries due to differences in lifestyle and risk factor
profile.16 We report a high prevalence of ischaemic heart dis-
ease in the United Kingdom and a high prevalence of DM in
Japan, consistent with other studies, although ours is the first
to make a direct comparison between the two countries.17 It
is possible that these differences in baseline comorbidities
may have impacted on treatment and in-hospital mortality
rates.18,19

Both crude and casemix standardized analyses demon-
strated underutilization of pPCI in the United Kingdom com-
pared with Japan, especially in patients complicated with
heart failure. Notably, the implementation rate of pPCI in
the United Kingdom, compared with other categories in
the United Kingdom and Killip 2–3 class heart failure in Ja-
pan, was over 20% lower in patients presenting with Killip
class 2–3 heart failure. We found that use of pPCI was in-
versely associated with mortality and so it is possible that
this difference contributed to international differences in pa-
tient outcomes. A couple of factors could explain the differ-
ence in care provided. First, in general, rates of pPCI for
STEMI have been shown to lag in the United Kingdom com-
pared with other high income countries with universal
health coverage.20 Second, patients presenting with Killip
class 2–3 heart failure in the United Kingdom were older
and more comorbid that patients presenting with Killip class
1 and 4 heart failure, which may have influenced
individual-level decision making on the feasibility, risks, and
benefits of immediate invasive therapy and previous reports
have shown that use of pPCI in routine practice is lower in
older patients with STEMI.21 However this is
counter-intuitive given that evidence suggests pPCI improves
prognosis in this group,22 and the National Institute for
Health and Care Excellence (NICE) in the United Kingdom
specifically recommends that eligibility for pPCI is assessed
‘irrespective of age’ and European Society of Cardiology
(ESC) guidance stresses that there is ‘no upper age limit with
respect to reperfusion, especially with pPCI’.23 Our findings
suggest that targeted policy initiatives could have impact
to reduce this shortfall in provision of interventional therapy
for patients presenting with STEMI and signs of heart failure
in the United Kingdom.

We identified a low utilization of beta-blockers across all
Killip class categories in Japan compared with the United
Kingdom. This could partly relate to international differences
in guideline recommendation levels for beta-blockers. The
2013 American Heart Association (AHA) guideline recom-
mends the use of beta-blockers within 24 h in Class 1 (level
of evidence B),5 and a survey in the United States indicated
that the high use of beta-blockers for AMI.24 The ESC 2012
and 2017 guidelines for STEMI recommends beta-blockers
during hospitalization (IIa),4,25 and in the United Kingdom,
NICE guidance 2013 recommends a beta-blocker as soon as
possible after an MI. In Japan, the 2013 Japanese Circulation

Society (JCS) guidelines recommended early hospital
beta-blocker (IIa) prescription in the absence of
contraindications,26 but in the 2018 iteration, it is IIb for sec-
ondary prevention purposes at discharge in the absence of
evident heart failure.27 Furthermore, racial differences in cor-
onary artery vasomotor reactivity among ischaemic heart dis-
ease in Japan compared with Caucasians, which indicates an
association between vasoconstriction and ischaemia, may
precipitate avoidance of beta-blocker use in myocardial
infarction.28

The use of evidence-based pharmaceutical therapies on
discharge showed a mixed pattern, with use of both
beta-blocker and statin lower in Japan, whereas
prescriptions of ACE/ARB and MRA in both countries varied
depending on heart failure category. These findings suggest
the existence of selective practice patterns rather than an
overall low prescription. Inconsistent prescribing practices
across each health system may be limiting the benefit that
can be derived by achieving guideline-directed care and
thus constitutes an appropriate target for quality
improvement programmes.

Previous country-level comparison using Organisation for
Economic Cooperation and Development data suggests that
Japan uses higher resources in health care than the
United Kingdom.29 A comparison study using individual data
in patients with hospitalized acute heart failure showed con-
sistent results, suggesting longer hospitalization and higher
resource use in Japan than in the United Kingdom.30 Our
study with STEMI also suggests that the longer length of hos-
pital stay in Japan, but the use of each recommended care
showed a selective pattern. This may partially explain the
complexity of the relationship between high resource use
and outcomes shown by previous studies.29,30

Healthcare systems are typically built on a national or
supra-regional basis. Therefore, there could be a certain bias
in care that was not recognized when studying a single sys-
tem. Our first comparative study of STEMI across heart failure
categories revealed the existence of variation in care and out-
comes between the United Kingdom and Japan and con-
firmed that international comparative studies provide a valu-
able opportunity for learning and benchmarking of care
across different healthcare systems. To overcome the various
difficulty of international comparison and enable
well-matched studies, the recent formulation of quality indi-
cators in European Society of Cardiology31 and the harmoni-
zation of data definitions and data collection systems by
EuroHeart32 will be one approach. It is essential to proceed
with multifaceted efforts to identify the areas for improve-
ment and take appropriate approaches to improve the
healthcare system, based on consideration and respect to
the diverse background and characteristics of each system.

We acknowledge our study limitations. First, each cohort
was extracted from a different healthcare system with its
own data definitions, mechanisms for participant entry, data
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recording, and quality control. Such differences could not be
adjusted for, even following case mix standardization. Sec-
ond, missing values in either cohort, particularly in the Killip
class, can dissociate subjects and outcomes from actual con-
ditions. Third, the definition of heart failure was reliant on
the Killip classification; however, the sensitivity analysis
showed that modification of the definition of heart failure
did not affect the results (Supplementary Text and
Table S3). Fourth, in using ICD10 codes, JROAD may have
misclassified some patients with STEMI. However, a recent
study showed selecting STEMI by ICD10 code had high sensi-
tivity and specificity.33,34 Fifth, our data do not include com-
parable information on emergency care prior to hospitaliza-
tion. Though emergency medical care is provided to the
entire population under the NHS system in the United
Kingdom and the compulsory and universal health insurance
system in Japan, there may be differences in the process of
treatment pre-hospital which could lead to differences in
the distribution of disease severity between two cohorts.
Sixth, our data do not include comparable data on rates of
cardiac rehabilitation, which has been evidenced to improve
outcomes after acute myocardial infarction.35 Seventh, the
prevalence of comorbidities may be affected by differences
in screening practices in each healthcare system which, if
the degree of deviation from the true prevalence differs be-
tween the two countries, could affect the case-mix adjusted
analysis. Eighth, our data do not include the reason why pa-
tients did not receive a treatment. Finally, we compared the
use of procedures and medications in all patients regardless
of contraindication or patient preference owing to the lack
of this information.

Conclusions

We found variation in care and outcomes of patients with
STEMI across heart failure categories between the United
Kingdom and Japan. Specifically, in the United Kingdom, pPCI
use was lower in patients with STEMI presenting with heart
failure; in Japan, the use of beta-blocker was lower. Interna-
tional comparison can inform targeted quality improvement
programmes to narrow the outcome gap between health
systems.
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